BACKGROUND/OBJECTIVES: Mini nutritional assessment (MNA) is the most frequently used screening test for malnutrition in elderly populations in continental Europe and Asia. Most studies on MNA's ability to predict mortality have only included persons admitted to hospital, living in nursing homes or at home with professional help with activities of daily living. The aim of this cohort study was to examine if MNA can predict 10-year mortality in the general elderly female population. SUBJECTS/METHODS: Of the 584 free-living elderly women invited, 351 agreed to participate and were tested with MNA between 1999 and 2000. A 10-year follow-up was conducted in 2010 with dates of death obtained from the Swedish death register. RESULTS: Participants whose MNA score was p23.5 points at inclusion had a significantly higher age-adjusted 10-year mortality risk than participants with a MNA score of 423.5 points. The hazard ratio was 2.36 (95% confidence interval 1.25-4.46), P o0.01. CONCLUSIONS: Participants with a MNA score, indicating an increased risk for malnutrition, were more than twice as likely to die during the 10-year follow-up as participants whose MNA score indicated normal nutritional status. Hence, MNA can predict mortality in a general, free-living, elderly female population.
INTRODUCTION
Malnutrition is a common condition in the elderly population with an overall prevalence of 23% in pooled materials. 1 Disease-related malnutrition have been calculated to carry a cost of about h10.5 billion annually in the United Kingdom alone. 2 Malnutrition has been associated with increased mortality, 3 impaired immune response, reduced muscle and respiratory function, impaired wound healing and longer rehabilitation. 4 Mini nutritional assessment (MNA) is the screening test for malnutrition in the elderly, recommended by the task force on nutrition and ageing of International Association of Gerontology and Geriatrics European region and International Academy of Nutrition and Aging 5 and is widely used in continental Europe and Asia. 6 A low MNA score, indicating malnutrition, has been associated with longer hospital stays, 7 lower quality of life 8 and an increased mortality rate. [9] [10] [11] [12] The initial part of the MNA test constitute the MNA-short form (MNA-SF) and has been shown to have a good correlation with the full MNA test. 13 MNA's ability to predict mortality has nearly exclusively been studied in hospitals, nursing homes and patients with professional care at home. [9] [10] [11] [12] [14] [15] [16] [17] [18] However, the great majority of the elderly are free-living. In fact, in 2009, 94% of Swedish persons aged X65 years were living at home, according to the Statistics Sweden. Elderly hospital in-patients were examined with MNA in a study by Persson et al. 11 Participants classified by MNA to be 'at risk of malnutrition' or 'malnourished' had a three-time higher risk to die during 3 years of follow-up than those classified to have a 'normal nutritional status'. Freeliving elderly, receiving help with activities of daily living (ADL), such as cooking, vacuum cleaning or shopping groceries, were examined with MNA in a study by Saletti et al. 10 The 3-year mortality was 50% for the 'malnourished', 40% for those being 'at risk of malnutrition' and 28% for the participants with 'normal nutritional status'. In free-living elderly, to be in need of help with ADL is a known risk factor for malnutrition. 19, 20 There is a great difference in the prevalence of malnutrition, as indicated by MNA, between study population with different degrees of independence. As many as 70% of elderly hospital in-patients may be classified as 'malnourished' by MNA, whereas in a freeliving population, this proportion is mostly only around 2%. 6 This difference in prevalence may limit the feasibility in transferring results from, for example, nursing homes to the general elderly population.
A study on free-living elderly, MNA and mortality conducted by Beck et al. 21 showed that participants with a MNA score 423.5 had a hazard ratio (HR) of 0.35, regarding the risk to die during the 5-year follow-up, compared with participants with a MNA score p23.5.
However, data was missing for five of the eighteen MNA items, and in these five items, all participants received the same number of points.
The aim of the present study is to examine if a lower total MNA score is associated with higher 10-year mortality in elderly freeliving women.
MATERIALS AND METHODS Population
A cohort of 351 free-living women aged 69-79 years (mean age 73 years) were assessed with MNA between 1999 and 2001 and followed up through the Swedish death register 10 years later. These women were part of the PRIMOS project (PRIMary health care and OSteoporosis) and their baseline MNA scores were reported in 2006 with regard to their bone health. 22 As reported in this earlier study, 92% (n ¼ 323) of the participants were classified as 'well-nourished' and the remaining 8% (n ¼ 28) were found 'at risk of malnutrition'.
Inclusion criteria for participation in the study were: to be a woman born between 1920 and 1930 and living in the area Bagarmossen. Of the 937 eligible women, 584 were sent written invitations to participate in the study, of whom 351 accepted. 22 Of the eligible 937, all 284 women born between 1926 and 1930 were invited. For the women born between 1920 and 1925, a random sample was invited. Although not being a condition for invitation, participants had to be physically capable of transporting themselves from their home to the primary health-care center to be able to participate. All participants were assessed with MNA by the same physician at Bagarmossen primary health-care center. Information about deaths that had occurred before 31 December 2009 were obtained from the Swedish death register.
MNA
MNA consists of 18 items, including measurements of body size and weight, questions about food, beverages and known risk factors for malnutrition, as well as self-assessment questions. Each item gives points, which are then added together to produce a final sum (maximum 30 points). Final MNA scores classify the tested person to have either 'normal nutritional status' (423.5 points), being 'at risk of malnutrition' (17-23.5 points) or 'malnourished' o17 points.
The MNA-score cutoff values for the classification of nutritional states were set according to the MNA guide developed by Guigoz et al.
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These cutoff values have previously been validated in different settings. 6 The first six items in the MNA test constitute the MNA-SF. The MNA-SF is used as a first screening test to determine if the patient can be quickly classified to have a normal nutritional status or if there is a reason to go through the remaining 12 items in the full MNA test. Here the maximum score is 14 points. A total of 12-14 points is regarded as 'normal nutritional status', and if the patient has p11 points, the manual for the MNA test 24 recommends the examiner to do a complete assessment with all 18 MNA items.
Definitions
'Cardiovascular disease' was defined according to the International Classification of Diseases ten diagnosis code I00-I99, which include all cardiovascular diseases.
'Malignant disease' included all present and previous malignant diseases. 'Diabetes mellitus', 'hypertension' and 'chronic obstructive pulmonary disease' were self-reported or confirmed in medical records. 'Help with ADL': a person is assisted by a professional with one or more ADL, such as cooking, vacuum cleaning or shopping. 25 
Statistical methods
Comparison between the group with MNA score p23.5 and the group with MNA score 423.5 was performed by two-tailed t-test where assumption for normality was met and Wilcoxon rank-sum test otherwise. Comparison for dichotomous variables was performed by Fischer's two-tailed test.
Comparisons between groups in terms of time between inclusion and death were made using Cox regression. To investigate the effects of suspected confounding factors, major risk factors for mortality were added one at a time to the Cox regression model, together with our main predictor, MNA p23.5 adjusted for age ( Table 2) .
Each of the 18 items in the MNA test was individually analyzed with Cox regression to see if any item was a separate predictor of mortality. The result from MNA-SF, including the first six MNA items, were summed up and the study population was categorized according to the cutoffs stated for MNA-SF in the MNA test. The categories in MNA-SF were analyzed for differences in mortality with Cox regression. The total score in MNA-SF was compared with the total full MNA score with Pearson's correlation.
Because no data were missing in the Swedish death register, no participant was lost to follow-up.
Alpha was set at 0.05, and all analyses were performed with STATA 11.0 (StataCorp. LP, College Station, TX, USA).
Ethics
The collection of baseline data was conducted after that ethical approval was obtained from the Regional Ethical Review Board in Stockholm in 1997.
All the participants signed informed consent forms. A second ethical approval for the follow-up study was obtained from the Regional Ethical Review Board in Stockholm in 2007.
RESULTS
The mean age for those who accepted to participate ('participants') was 73 years, whereas the mean age for the invited women who declined to participate ('non-participants') was 74 years. The difference in mean age was significant (P o0.001). Self-reported health and frequency of physical activity were not significantly different between participants and non-participants. The mortality rate during follow-up for the 937 eligible was 35%, compared with 21% in the study sample. This difference was highly significant (P o0.001).
The median time of follow-up was 10.1 years (9.2-10.8 years). The median 'person time at risk' was 9.9 years. Of the 351 participants, 278 were still alive at the end of the follow-up in 31 December 2009.As previously reported by Salminen et al. 22 in 2006, only one of the participants was classified as 'malnourished'. This participant was included in the group of participants classified as 'at risk of malnutrition'. Comparisons were made between the group of participants with MNA score p23.5 and the group of participants with MNA score 423.5.
A comparison of the distribution of baseline characteristics in the groups with MNA score p23.5 and 423.5 showed some significant inequalities. The group with a total MNA score p23.5 had a slightly higher age, lower body weight, higher frequency of asthma/chronic obstructive pulmonary disease and more often received help with the ADL than the group with MNA score 423.5 ( Table 1) .
The mortality rate for the 10-year follow-up was 19% in the group with MNA 423.5 and 43% in the group with MNA p23.5. For the first 3 years after inclusion, these rates were 5% and 11%, respectively.
Kaplan-Meier survival analysis showed that the group with MNA p23.5 had a higher risk to die than the group with MNA 423.5 ( Figure 1 ). The relation of the two MNA groups was also significant (log-rank test: P ¼ o0.01). Thus, there was a significantly higher risk to die within 10 years for those with a total MNA score p23.5 points compared with those with a total MNA score 423.5. The only participant with a MNA score o17 died during follow-up, 7 years after inclusion.
Cox regression showed an age-adjusted HR of 2.36 for the group with a MNA score p23.5 compared with the group with a MNA score 423.5. When other known risk factors for mortality were added to the Cox regression model, the HR was attenuated but was still significant both clinically and statistically ( Table 2) .
Four of the MNA items individually showed significant difference in the risk to die. These four items were loss of appetite, more than three drugs prescribed, number of meals per day and self-estimated health.
MNA-SF As in the categorization with the complete MNA score, only one participant was categorized by MNA-SF to be malnourished (0-7 points). This participant was added to the MNA-SF group 'risk for malnutrition' (8-11 points) There was no significant difference in the risk to die between the groups categorized by MNA-SF to have 'normal nutritional status' and 'risk for malnutrition', HR 1.54 (95% confidence interval (CI) 0.80-2.95). Only 3.5% of the participants classified by MNA-SF to have 'normal nutritional status' were classified to be 'at risk of malnutrition' by the full MNA test. However, 50% of those classified by MNA-SF to be 'at risk of malnutrition' were classified to have 'normal nutritional status' in the full MNA test. The Pearson's correlation between MNA-SF and full MNA was 0.508.
DISCUSSION
In this study, we showed that a MNA score of p23.5 was associated with a 2.36-time increased risk to die during the 10-year follow-up, compared with a MNA score 423.5. The risk was attenuated when we adjusted for known risk factors for mortality, but it remained statistically significant and at a magnitude of clinical importance. The MNA items that individually could predict mortality were loss of appetite, more than three drugs prescribed, number of meals per day and self-estimated health.
The MNA-SF could not find any significant difference between the participants classified to have 'normal nutritional status' and those classified to be 'at risk of malnutrition' regarding the risk to die during follow-up.
Other studies on MNA and mortality have found similar results regarding the full MNA. In a Danish population-based study by Beck et al. 21 on 202 men and women, 70-75 years old, the unadjusted HR to die was 0.35 (95% CI 0.18-0.66) for the group with a MNA score 423.5 compared with the group with a MNA score p23.5. In a Taiwanese study, Tsai et al. 12 followed 2802 men and women aged 465 years for 4 years and the age-adjusted HR for the same group was 2.39 (95% CI 1.99-2.88). In a Japanese study by Inoue and Kato 17 on 181 men and women receiving help with their ADL and with a mean age of 80 years, this age-adjusted HR was higher, 5.79, but with a wide 95% CI of 1.33-25.21. Saletti et al.
10 studied 353 free-living Swedish men and women with a mean age of 82, all receiving help with their ADL. In their proportional odds model, the odds to die during the 3-year followup was 1.89 for the group with a MNA score 17-23.5 compared with the group with a MNA score 423.5. Persson et al.
11 studied 83 hospitalized Swedish men and women with a mean age of 83 years. The odds ratio to die during a follow-up of 3 years was 3.3 (95% CI 1.11-9.79) for the group with a MNA score p23.5 compared with the group with a MNA score 423.5. Espaulella et al. 26 studied acutely hospitalized men and women aged 475 years and found a HR of 0.87 to die within 6 months for every onepoint increase in total MNA score.
In summary, in different parts of the world and different forms of housing, to score p23.5 points on a full MNA test seems to be associated with a significantly increased risk to die. This association was confirmed in our study, which is the first study on a free-living population with such long follow-up.
The incapability of MNA-SF to predict mortality in our study is in conformity with the results of a recent study by Vischer et al.
27 on 4-year mortality of 444 patients receiving geriatric inpatient care. It is worth noticing that in our study, of the four MNA items that individually could predict mortality, only one is included in the MNA-SF. The Pearson's correlation between MNA and MNA-SF scores of 0.508 found in our study is much lower than that found in the validation study for MNA-SF 13 where the Pearson's correlation was 0.969.
The Malnutrition Universal Sceening Tool (MUST), the most common malnutrition screening tool in the United Kingdom, does not include equivalents to any of the four MNA items that individually predicted mortality in our study. This may suggest that MUST would not have been able to identify the participants with increased mortality, which were identified by the full MNA. However, this does not imply that MUST would be inferior to MNA in identifying malnutrition, because we do not know to what extent malnutrition contributed to the deaths.
A strength of our study is that it has a longer follow-up than any previous study. To our knowledge, this is also the first populationbased study on free-living elderly, with complete MNA data. Because of a complete Swedish death register, no participants were lost to follow-up. The limitations of our study is that it is relatively small and only includes women. Those who accepted to participate in our study were also healthier than the general population because they had a significantly lower mortality rate. This relative healthiness could also have affected the MNA results, so that our study population had higher MNA scores than the general elderly population.
The performance of a test for malnutrition is not possible to exactly determine because there is no internationally accepted definition of the term 'malnutrition' and no golden standard to diagnose it. 28 One of the most important issues ahead should therefore be to agree on a uniform definition of malnutrition to have something to relate all present methods to. It would also be interesting to investigate the relation between total MNA score and assessments of frailty, such as the frailty index. 29 In conclusion, this study showed that a low MNA score was associated with higher mortality in free-living, elderly women. However, interventional studies are needed to determine if persons in the free-living part of the population, with a lower MNA, could have a longer life or otherwise benefit from energy supplementation.
